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REMARKS 

The specification is amended to reflect that, as indicated on the Declaration submitted 
originally with this application when it was filed, this application claims the benefit of the prior- 
filed provisional application. No new matter is added. It is requested that the amendment be 
made of record in the file. 

Claims 27 and 38-71 were pending in this application. In order to expedite the 
prosecution of the present application and without conceding to the validity of the Examiner's 
rejections, Applicants have canceled claims 39-41, 43-45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 
67, 69, and 71, without prejudice to Applicants' right to pursue the subject matter in related 
applications, and have amended claims 46, 48, 54, 56, and 70 to correct claim dependencies 
necessitated by the cancellation of claims. Claim 64 has been amended and new claims 72-75 
have been added to clarify that which Applicants regard as the invention. Specifically, claim 64 
has been amended to recite that the cancers to be treated can include colon cancer, colorectal 
cancer and melanoma. Support for this amendment can be found in the specification, for 
example, at page 27, lines 19-37 and page 1, lines 25-37. New claims 72 and 73 are directed to 
methods for treating cancer comprising administering to a subject in need thereof an effective 
amount of a nucleic acid molecule comprising a nucleotide sequence encoding IL-12 and an 
effective amount of 4- IBB ligand, wherein the nucleic acid molecule is introduced into a cell 
prior to administration of the cell to the subject. New claims 74 and 75 are directed to methods for 
treating cancer wherein the cell is a fibroblast, monocyte or progenitor cell obtained from bone 
marrow. Support for the amendments to claims 72-75 can be found in the specification, for 
example, at page 30, lines 27-30 and page 32, line 9 to page 33, line 14. No new matter has been 
added by these amendments. Upon entry of this Amendment, claims 27, 38, 42, 46, 48, 50, 52, 
54, 56, 58, 60, 62, 64, 66, 68, 70, and 72-75 will be pending. 

Entry of the foregoing amendments and consideration of these remarks are respectfully 
requested. 

I. THE REJECTIONS UNDER 35 U.S.C. S 112, FIRST PARAGRAPH, SHOULD BE 
WITHDRAWN 

A. The Rejection of Claims 38-71 Under 35 U.S.C. § 112, First Paragraph for 
Lack of Written Description and Lack of Enablement has been Obviated 

Claims 38-71 are rejected under 35 U.S.C. § 112, first paragraph, as allegedly containing 
subject matter which was not described in the specification in such a way as to reasonably convey 
to one skilled in the art that the inventors, at the time the application was filed, had possession of 
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the claimed invention and as to enable one skilled in the art to which it pertains, or with which it 
is most nearly connected, to make and/or use the invention. Specifically, the Examiner contends 
that the description of wild type IL-12 or 4-1BBL is insufficient to claim all their derivatives 
because the specification fails to teach the structure- function relationship for the wild-type 
molecules. 

In order to expedite the prosecution of the application and without conceding to the 
validity of the Examiner's rejection, Applicants have canceled claims 39-41, 43-45, 47, 49, 51, 
53, 55, 57, 59, 61, 63, 65, 67, 69 and 71, without prejudice to Applicants' right to pursue the 
subject matter in related applications. Applicants specifically reserve all right to pursue any 
subject matter removed from the pending claims in a continuation application. The remaining 
claims do not recite a fragment, analog or derivative and, thus, are believed to have an adequate 
written description and to be fully enabled. 

In view of the foregoing, Applicants respectfully assert that the rejection of claims 38-71 
under 35 U.S.C. § 1 12, first paragraph, for lack of written description support and lack of 
enablement has been obviated and should be withdrawn. 

B. The Rejection of Claims 38-71 Under 35 U.S.C. § 112, First Paragraph for 
Lack of Enablement has been Obviated 

Claims 38-71 are rejected under 35 U.S.C. § 1 12, first paragraph, as containing subject 
matter which was allegedly not described in the specification in such a way as to enable one 
skilled in the art to which it pertains, or with which it is most nearly connected, to make and/or 
use the invention. Specifically, the Examiner contends that the specification fails to provide 
enablement for routes of administering IL-12 encoding nucleic acid molecules other than 
intratumoral administration. The Examiner states that the anti-tumor effects described in the 
specification and the prior art of record are all achieved by local administration. For the reasons 
detailed below, Applicants respectfully assert that the rejection 35 U.S.C. § 1 12, first paragraph, 
for lack of enablement cannot stand and should be withdrawn. 

Applicants respectfully assert that the specification of the present application coupled with 
information known as of the effective filing date of the present application provides sufficient 
guidance to enable one of skill in the art to administer the nucleic acid compounds of the present 
invention by any route, without undue experimentation. The specification of the present 
application provides examples of a variety of routes for administering the nucleic acid compounds 
recited in the claims (see, e.g., the specification, page 35, lines 2-4). Moreover, there are 
numerous examples in the literature of IL-12 adenoviral vectors administered at sites remote from 
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a tumor achieving a therapeutic effect. For example, an adenoviral IL-12 vector has been 
delivered intraperitoneal^ for the treatment of melanoma lung metastases (Hirschowitz et al., 
1999, Am. J. Respir. Cell Mol. Biol. 20:935-941; Ref. A01) and intravenously for the treatment of 
hepatic metastases (Siders et aL, 1998, J. Immunol. 160:5465-5474; Ref. A02). Thus, contrary to 
the Examiner's assertion, Applicants respectfully assert that one of skill in the art would be able 
to deliver the nucleic acid compounds of the present invention using routes of administration at 
sites remote from the tumor. Accordingly, Applicants respectfully submit that the specification of 
the present application fully enables one of skill in the art to practice the full scope of the claimed 
methods. 

In view of the foregoing, Applicants respectfully assert that the rejection under 35 U.S.C. 
§ 1 12, first paragraph, for lack of enablement cannot stand and should be withdrawn. 

II. THE REJECTION UNDER 35 U.S.C. S 103 SHOULD BE WITHDRAWN 

Claims 38, 39, 42, 46, 48, 50, 52, 54, 55, 58-67 and 70 are rejected under 35 U.S.C. § 
103(a) as being unpatentable over Caruso et aL, 1996, Proc. NatL Acad. ScL USA 93:11302- 
1 1306 ("Caruso") taken with Melero et aL, 1998, Eur. J. Immunol. 28:1 1 16-1 121 ("Melero") and 
Vinay et aL, Semin. Immunol. 10:481-489 ("Vinay"). The Examiner contends that since each of 
the cited references teaches using more than one agent for cancer therapy, it would have been 
prima facie obvious to combine these agents to generate a new composition for the treatment of 
cancer with a reasonable expectation of success. Applicants respectfully traverse. 

The Examiner asserts that since both the functionality of IL-12 and 4-1BBL are related to 
the induction of IFN-7 secretion and both IL-12 and 4-1BBL have been demonstrated to have 
anti-tumor activity, it would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to combine the teaching of Caruso with the teaching of Melero to 
use both IL-12 and 4-1BBL for reducing tumor volume with decreased toxicity caused by IL-12 
alone and with reasonable expectation of success. 

As rebuttal evidence, Applicants respectfully submit that unexpected results are provided 
within the specification. "Evidence of a greater than expected result may ... be shown by 
demonstrating an effect which is greater than the sum of each of the effects taken separately (i.e., 
demonstrating 'synergism'). Merck & Co. Inc. v. Biocraft Laboratories Inc., 874 F.2d 804, 10 
USPQ2d 1843 (Fed. Cir.), cert, denied, 493 U.S. 975 (1989)." See MPEP § 716.02(a). As 
demonstrated in the Examples at pages 38-44, co-administration of a recombinant adenoviral 
vector expressing IL-12 and 4- IBB ligand, as well as co-administration of a recombinant vector 
expressing IL-12 and a recombinant vector expressing 4- IBB ligand, resulted in a statistically 
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significant increase in survival in hepatic tumor models (see Figs. 3 and 4). See the specification, 
at page 42, lines 3-24. Applicants were the first to demonstrate this synergistic effect of the 
combination which results in an efficacious effect requiring at least 10 fol d less IL-12 than the 
effective dose of IL-12 alone . See the specification at page 44, lines 21-25. These results are far 



increasing IFN-y secretion . 

Moreover, subsequent to filing this application, Applicants and their colleagues have 
published results in accord with this invention demonstrating that a combination of IL-12 gene 
therapy and a co-stimulatory molecule, e.g., an 4-1BB monoclonal antibody, had synergistic 
effects and reduced the effective dose of IL-12 up to 18-fold, while achieving better efficacy than 
the individual treatments at the highest dose . Attention is directed to Exhibit A submitted 
herewith: Chen et ah, "Rejection of Disseminated Metastases of Colon Carcinoma by Synergism 
of IL-12 Gene Therapy and 4-1BB Costimulation", 2000, Mol Ther. 2:39-46 (Ref. AM of 
record). As shown in Exhibit A, synergistic effects of the combination therapy were further 
demonstrated resulting in a "persistent antitumor response that results in complete remission and 
long-term survival ..." See Exhibit A at p. 40, col. 1; p. 41, col. 1; p. 41, col. 2; and p. 44, col. 2. 
Thus, Applicants respectfully submit that even assuming arguendo there were prima facie case of 
obviousness, such has been clearly and convincingly overcome. 

In view of the foregoing, Applicants respectfully assert that the rejections under 35 U.S.C. 
§ 103(a) cannot stand and should be withdrawn. 



Applicants respectfully request that the foregoing amendments and remarks be entered and 
made of record in the present application. Withdrawal of all of the rejections and consideration of 
the amendments are requested. An allowance of the application is earnestly sought. If any issues 
remain, the Examiner is respectfully invited to telephone the undersigned. 



greater than would be expected from the combination of two anti-cancer agents whic h act by 



CONCLUSION 



Respectfully submitted, 



Date: May 7. 2004 




JONES DAY 

222 East 41 st Street 
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In an orthotopic model of metastatic colon carcinoma established in the liver of mice, we have 
previously shown that the natural kilter (NK) cells were the major effectors after intratumoral 
delivery of a recombinant adenovirus expressing the murine IL-12 gene. However, tumor cure 
and long-term survival were achieved only in a minority of animals. In the present study, we gen- 
erated an effective antitumoral CD8+ T-cell response by the combination of IL-12 gene therapy 
and systemic delivery of an agonistic monoclonal antibody against 4-1 BB, a costlmulatory mole- 
cule expressed on activated T cells. In the IL-12 plus anti-4-1BB combination treatment, the effec- 
tive dose of IL-12 could even be reduced even up to 18-fold and still achieved a better efficacy 
than the maximal dose of either treatment alone. We further demonstrate that the innate and 
the adaptive antitumoral Immune responses were synergistic, as animals bearing hepatic as well 
as multiple pulmonary metastases were quantitatively cured of their diseases after IL-12 gene 
therapy + anti-4-1BB combination treatment. Both NK and CDS* T cells were necessary in main- 
taining the long-term antitumor immunity, as depletion of either cell type In the cured animals 
abolished their abilities to reject tumor cells implanted at distal sites. These results indicate that 
synergism between Innate and adaptive immune responses may be effectively exploited to treat 
patients with metastatic diseases. 

Key Words; colon metastases; IL-12; 4-1BB; gene therapy; immune modulation. 



Introduction 

Colorectal carcinoma is second only to lung cancer as the 
cause of cancer deaths. Prognosis for patients with 
metastatic disease in the liver and other organs is poor. 
With current treatment, the mean survival time is 37 
months (1, 2). 

Cancer Immunotherapy is a promising approach to 
combating metastatic diseases by stimulating a systemic 
antitumor response against disseminated tumor cells in 



iTo whom correspondence should be addressed at Institute for Gene 
Therapy and Molecular Medicine, Mount Sinai School of Medicine, 1425 
Madison Avenue, Room 13-02, New York, NY 10029-6574. fax: (212) 803- 
6740. E-mail: chens01@docmssm.edu. 

Abbreviations used: Adv. ml L- 1 2, recombinant adenovirus expressing 
murine IH2; APCs, antigen-presenting cells; CTL, cytotoxic T lympho- 
cyte; DL312, £1 -deleted control adenovirus; IFN-Y. Interferon gamma; 
LAJC, lymphoklne-acttvated killer cells; MNCs, mononuclear cells; NK, 
natural killer cells; pfu, plaque-forming units. 



the host One of the most promising reagents to date is 
interleukin-12 (IL-12).* It plays an important role in 
orchestrating the host immune response by inducing 
Interferon-v (IFN-y) expression, promoting T-helper-1 (Th- 
1) cell differentiation, and enhancing T-, natural killer- 
(NK), lymphokine-activated killer cell- (LAK), and 
macrophage-mediated cytolytic activity (3-9), In our pre- 
vious study, intratumoral high expression of the adenovi- 
ral-mediated IL-12 (Adv.mIL-12) gene induced a strong 
antitumor immune response in a low Immunogenic 
colon carcinoma (MCA26) liver metastases model in syn- 
geneic BALB/c mice (10). We found that NK cells were the 
early and major effectors responsible for this Adv.mIL-12 
response. However, the early NK response alone was not 
sufficient in sustaining long-term immunity; In order to 
achieve long-term survival, a systemic and effective long- 
term cytolytic T-cell response is also required (11). 

4-1 BB is a member of the tumor necrosis factor recep- 
tor superfamily (12, 13) that binds to a high-affinity 4- 
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IBB ligand expressed on antigen-presenting cells (APCs), 
such as dendritic cells, macrophages, and activated B 
cells (14, 15), Expression of 4-1BB is restricted to primed 
CD4* and CD8* T cells (16, 17) after antigen or mitogen 
stimulation and to IL-2-activated NK cells (18). Upon 
Interaction with 4-1 BB Ugand, 4-1 BB provides a strong 
signal for expansion of the TCR-ligated T cells, especial- 
ly for the CD8* T cells In vivo (19). It has also been shown 
that the systemic administration of a 4-1 BB agonistic 
monoclonal antibody results in substantial regression of 
subcutaneous tumors and that both CD4* and CD8* T 
cells are Involved In the antitumor response (20). In this 
study, we investigated the potential effect of 4-1BB on 
the IL-12-activated NK-cell, NKT-cell, and T-cell develop- 
ment. We hypothesize that activation of T cells through 
the 4-1 BB costimulatory pathway may further improve 
the therapeutic effect of IL-12, and the combined effect 
of IL-12 and 4-1BB may generate a long-lasting antitu- 
mor immunity. Interestingly, the results indicate that 
agonistic anti-4-lBB antibody acts synergistically with 
Adv.mIL-12 gene therapy to induce a persistent antitu- 
mor immune response that results in complete remission 
and long-term survival of animals bearing liver and lung 
metastases of colon carcinoma. 

Material and Methods 

Victor construction 00). A recombinant adenovirus expressing rnlL-12 was 
constructed by replacing the £1 A region of the adenovirus type S with an 
expression cassette pAd/RSV-mIL-12 containing the two IL-12 cDNA sub- 
units, p3S and p40, linked by an Internal ribosoma) entry site (IRES) of 
the encephalomyocardHls vims. The recombinant virus was generated by 
cotransfectlng pAd/RSV-mIL-12 and pBHClO Into 293 cells. Large-scale 
production was accomplished In 293 cells and purified by double cesium 
chloride gradient uitracentrifugation. The viral titer {plaque-forming 
units (pfu)/ml| was determined by plaque assay in 293 ceils. Bloactivlty 
was determined by EU5A, detecting for UN'/ production by naive 
splenocytes after coculturing with Adv.n>lU12-transduccd MCA26 super- 
natant 

Uvcr tumor model and therapeutic protocol MCA26 is a chemically 
induced colon carcinoma in BALB/c mouse (21). Metastatic colon cancer 
was Induced by infecting 7 x 10* ceils Into the left lateral lobe of the liv- 
ers of B- to 10- week-old female BALB/c mice (laconic Farms,. 
Germantown, NY) (10). At day 7, mice with liver tumors measuring 5 X 
S mm 2 in diameter were selected and given different doses of Adv.mlL*12 
or control DL312 (ElA-deleted control adenoviral vector) IntratumoraUy. 
At days 8 and 10 following tumor Implantation, SO ug of agonistic mon- 
oclonal ann-4-lBB antibody (Bristol-Myers Squibb, Princeton, N]) or 
control rat Ig (Caltag Laboratories, Burilngime, CA) was given ip. 

Macroscopic king metastases model. MCA26 cells (3 X 104) were infect- 
ed to the tail vein 2 days prior to liver tumor implantation. On the day 
of gene treatment mice were divided into appropriate control and treat- 
ment groups. Some animals were sacrificed for biopsy and pathological 
examination. One hundred to two hundred rumor nodules were count- 
ed on the lung surfaces, with sizes ranging from 0.S to 0.8 mm in diam- 
eter. Histology reports also found tumors in the Intestine and mesenteric 
lymph nodes. 

isolation of mononuclear cells (MNO) pom liver and spleen. The Hver or 
spleen was homogenized and pressed between two semifrosted micro- 
scope slides. Dissociated cells were passed through with cell strainer 70 
urn (Becton-nkkinson Labware, Flanklln Lakes, NJ) and washed in HBSS 
containing 1% FBS and the splenocytes were treated with RBC lysis buffer 
(Sigma, St. Louis, MO). After another wash, the cell pellet was resus- 
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pended in 5 ml of wash medium, underlay ed with 5 ml of lympholyte-M 
solution (Cedarlane, Hornby, Canada), and centrifuged at 1000; for 20 
mln at room temperature. MNCs collected In the interface between lym- 
pboiyte-M and wash medium were isolated and washed before further 
analysis. 

In vitro cytotoxic assay, depletion, and blocking. The CTL assay required 
a 5-day stimulation of splenic cells with irradiated parental tumor cells 
and recombinant mlL-2. The NK assay was performed with freshly Iso- 
lated MNCs from the liver. The effectors were incubated with "Cr-labeled 
target for 4 h at 37X at various effector-to-target cell ratios. The radioac- 
tivity released in the supernatant was measured by a gamma counter and 
was calculated as follow: (experimental release - spontaneous 
rdease)/(maxlmal release - spontaneous release) X 100. We used Thy-1.2 
hybridoma supernatant (ATCC, Roclcville, MD) and purified DX5 
(Pharmlngen, San Diego, CA) or anti-asialo GM1 antibody (Wako Pure 
Chemical Industries, Ltd., Richmond, VA) with complement to deplete T 
and NK cells, respectively, under established conditions (11). In vitro 
blocking of the CD3* effector population was accomplished by purified 
145-2C11 antibodies (Pharmlngen, San Diego, CA) (11). The standard 
deviation of triplicate wells was usually less than 7%. 

. Morphological and Immunohistopathological analysis. Mice from tumor- 
bearing groups before and after various treatments were killed at day 7 
following vims Injection, and their liven were collected for analysis. 
Autopsies on long-term tumor-free animals (120 days) were performed to 
find any viable tumor cells. One-half of the tissue (cuts were made 
through the midsection of tumors) were fixed in 10% buffered formalin 
and stained with hematoxylin and eosin, and the other half was fixed in 
tissue -Tek OCT compound (Mites, Elkhart, IN) and stained for Immune 
cell Infiltration. Specific cell type CD8+ (53-5.8, FharMingen) and CD4+ 
(CK 1.5, Pharmingen) were Identified by FTTC-conjugated monoclonal 
antibodies and anti-FTTC secondary antibody conjugated with alkaline 
phosphatase. The staining procedure was performed according to Stan- 
dard protocol. 

Donor rechiUenge and In vivo lymphocyte depletion. MCA26 cells (7 x . 
10*) were implanted sc In the flanks of long-term surviving mice (>L20 
days after treatment). Mice were depleted of lymphocytes subsets using 
purified ascites GKI.S (ATCC) for CD4+, 2.43 (ATCC) for CD8*, polyclon- 
al antibodies, anti-axlalo GM1 for NK cells, and appropriate Ig controls. 
Mice were given 200 ug of antibody ip per day, beginning 1 day prior to 
tumor rechallenge. Antibodies for control and NK ceil depletion were 
administered for 5 consecutive days, then every 5 days afterward (days - 
1, 0, 1, 2, 3, 8, and 13), while antibodies for CD4* and CDS* T-celi deple- . 
tkm were gtven every other day three times and then every 5 days after- 
ward (days -1, 1, 3, 8, and 13) according to established optimal condi- 
tions (6, 11). Depletion efficiencies were confirmed by flow cytometry, 
and depleted subsets of lymphocytes were routinely obtained (>?9%). 

Results 

Cure of Mice with Advanced Liver Metastases of 
Colon Cancer by Synergistic Effects of IL-12 Gene 
Therapy and 4-1BB Costimulation 

With the liver being the major organ of metastases for 
most human gastrointestinal tumors, we have generated 
a hepatic colon metastases model by direct intrahepatic 
implantation of a low immunogenic mouse syngeneic 
colon carcinoma, MCA 26. Seven days after Injection, 
liver tumors measuring 5X5 mm 2 In diameter were 
directly Injected with Adv.mIL-12 or control vector 
DI312. To improve the long-term antitumor effect of 
Adv.mIL-12 gene therapy, we combined it with ip admin- 
istration of an agonistic anti-4-lBB antibody. After 120 
days, 80-100% of mice in the combination treatment 
group (at Adv.mIL*12 viral dose ranging from 0.2 x 10» 
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FK3. 1. Survival of tumor-bearing animals after Adv.mlL-12 + antM-IBB 
treatment MCA26 cells (7 x 10*) were implanted Into the liver of syngeneic 
BALB/c mka. After 7 days, mice with hepatic tumor measuring 5x5 mm* in 
diameter were randomly assigned to the following groups: Adv. m I L- 12 
(1.2 X 10" pfu) ♦ antM-IBB (n * 8* A,Adv.mlL12 (1 .6 X 1 0* pfu) + antfr- 
4-1 BB (n s 8); S, Adv.mlL-12 (0.8 xl0« ptu) + antM-1BB (r) - 12);0, 
Adv.mlL-12 (0.4 X 10" pfu) + antM-IBB (n a 1 3); O, Adv.mlL-12 (0.2 x 10* 
pfu) + antM-IBB (n = 1 3); V, Adv.mlL-12 (0.1 x 10* pfu) + antM-IBB (n = 
Sy, Adv.mlL-1 2 (3.6 x 10» pfu) ♦ rat lg (n » 12); q, 0L31 2 (3.6 x 10» pfu) 
♦ antM-IBB (n a 12); and «V DL312 (3.6 x lQa pfu) + rat lg (n ■ 6). 
Antibodies (50 ug/mouse) were given ip at days 8 and 1 0. The survival advan- 
tage for the IL-12 + antM-IBB-treatcd animah, even with an 18-fold lower 
dose of Adv.mJL-1 2 (0.2 x 10* pfu), was statistically significant compared to 
DU12 + antM-IBB- or AaVrniL-12 + control Ig-treated animals (P » 0.03, 
log-rank test)* The reported results were combined from three consecutive 
sets of experiments. 



These results strongly suggest that the systemic antitu- 
mor Immunity generated from the hepatic IL-12 gene 
therapy combined with systemic delivery of anti-4-lBB is 
capable of eradicating preexisting distant lung metastases 
(P = 0.0011, log-rank test). 

Effects of IL-12 and Anti-4-lBB on NK Cell Activation 

To define the mechanisms underlying the synergistic 
action between IL-12 and anti-4-lBB, we performed a 
kinetic analysis of cytolytic activity of MNCs In the liver 
0, 2, 4, 7, and 14 days after treatment. The combination- 
treated animab exhibited a much stronger cytolytic 
response than the Adv.mlL-12- or anti-4-lBB-only-treated 
animals (Fig. 4A). It has been reported NK (NK 1.1*) and 
NKT (NKl.lVThyl+) cells are the two major effector cells 
for the IL-12-activated innate immune response (24). It 
would be of interest to know what kinds of effector cells 
are involved in the combination treatment. To identify 
the responsible cell types, we performed in vitro depletion 
of various leukocyte subsets of MNCs isolated from the. 
animals 2 days after treatment delivery. Depletion of NK 
cells (Dx5) completely abolished the observed cytolytic 
activity, while depletion of total T (Thy-1.2) cells only 
reduced this activity by half, and depletion of CD4* T (GK 
1.5) cells did not affect the killing (Fig. 4B). NK depletion 
almost completely eliminates the cytolytic effect and T- 
cell depletion with the pan T-cell marker Thy* 1,2 can 



to 3.2 x 10* pfu) were alive and disease-free. In the con- 
trol group, however, only 35% of the Advjnllrl2 (3.6 x 
10* pfu) plus control Ig- and 14.5% of the DL312 (con- 
trol vector) plus anti -4- IBB- treated animals were alive 
(Fig. 1). The results show that the combination therapy 
requires much less Adv.mlL-12 virus and is synerglstlcal- 
ly more effective than either treatment alone (P < 0.0001, 
log-rank test). 

Systemic Antitumor Immunity Generated by Hepatic 
IL-12 Gene Treatment Combined with Anti-4-lBB 

To further evaluate the systemic antitumor immunity 
generated by the combination therapy, animals with 
multiple macroscopic lung metastases (100-200 tumor 
nodules, 0.5-0.8 mm in diameter) and hepatic tumor 
were subjected to the test. Animals were treated with a 
low dose of Adv.mIH2 (0.4 X 10* pfu) delivered in the 
liver tumor and then with ip administration of antM- 
IBB. All control-treated animals developed large tumors 
in the liver, lung, and lymph nodes and died within 32 
days, while arUmals receiving the combination treat- 
ment continued to live well after 120 days (Fig. 2). 
Pathological pictures of liver and lung tumors before 
treatment are shown in Figs. 3A and 3B, respectively. 
There was no tumor in the lung, liver, and whole body 
by histological examination of long-term surviving ani- 
mals after combination treatment (Figs. 3C and 3D). 
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FIG. 2. Effect of combination treatment Adv.mlL-1 2 of the hepatic tumor + 
systemic delivery of antM-1 BB on macroscopic lung metastases of colon car- 
cinoma. Animals with both liver and lung metastases were used to test the 
systemic antitumor effect of the combination IL-12 + antM-IBB. Only the 
liver tumor received IL-12 gene treatment One hundred percent of the ani- 
mals treated with DL312 control vector + control Ig (rt - 4) developed multi- 
ple metastases to the fungi, gastrointestinal tract Arid liver and died within 
32 days. One hundred percent of the Animab reeeMng the Adv.mlL-12 (0.4 
x 10* pfu) + antM-IBB (n - 6) survived well after 120 days. These results 
Indicate a distant protection against preexisting macroscopic lung metastases 
by hepatic tumor combination treatment (P » 0.001 1, tog-rank test). 
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FIG. 4. (A) Evaluation of the NK cell Immune response In Adv.mlL-1 2 (0.4 x 1 0» pfu) ♦ anlM-IBB-treated animals. MNCs were isolated from anbnab at day* 
0, 2, 4, 7, and 14 (5 mlce/group/tlme point) after treatment and assayed for direct cytotysh against nCr-labeled parental MCA26 tumor target Direct klfling 
tOMttes were seen at days 2 and 4 In ADV.mJL-12 + antf-4-TBB*reated anbnab (bUcfcX but not In animals treated with antl-4-1 88 (gray) or Adv.mll-1 2 atone 
(white). The empty column represents the results obtained with MNCs from untreated tumor-bearing animals, (B) Identification of the immune effectors by in 
vitro ceil depletion. MNCs isolated from combinatlorvtreated animals at day 2 were depleted by complement lysis of NK (DX5), CD4+ T (CK1 .5), or pan-T (Thy. 
1 .2) cells. The controls were treated with complement alone, .NK cell depletion abolished most of the lytic activity, while total TceJI depletion reduced only by 
half, and CD4* T-cefl depletion remained constant 



eliminate half of the cytolytic activity. The results indi* 
cate that NK cells, and perhaps also some NKT cells with ; 
both NK- and T-cell markers, are involved in the antitu- 
mor Immune response and are synergistically enhanced 
by the combination treatment at an early time point. 

Effects of me 11-12 and Anti-4-lBB Combination 
Treatment on CTL Development 

We also followed CTL development after combina- 
tion therapy, as it is essential to the persistent immunity 
and long-term survival of treated animals. A CTL assay : 
against parental MCA26 targets was performed using 
splenic effector cells isolated from various treatment ... 
groups at days 7, 14, 24, and 60 after gene therapy. There 
was no significant CTL activity in the IL-12-treated ani- ' 
mals as reported previously (11). Anti-4- IBB- treated ani-; 
mals exhibited a quite strong CTL response at the early 
time points; This CTL response vanished with time, how- 
ever, and led to death of the animals between days 40 
and 60 as a result of tumor progression. The cytolytic 
activities of the combination-treated animals were lower 
-than that of anti-4-lBB alone in the beginning, but grad- 
ually increased with time. By day 60 after viral treat- 
ment, only the combination treatment animals 
remained alive. All animals from this group exhibited a 
strong antitumor CTL activity, which could be com- 
pletely blocked by CD3 specific antibody, indicating that 
T cells mediate the killing (Fig. 5). This CTL activity was 
also tumor-specific because it could not induce lysis of 
syngeneic heterologous control tumor cells (data not 
shown). The results strongly suggest that agonistic anti- 
4-1BB antibody elevates and maintains the T-cell-medi- 
ated antitumor immunity induced by Adv.mlHZ gene 
therapy. 



This synergistic activation of leukocyte subsets was 
also observed on in situ immun obtaining of CDS* in liver 
tumors of combination-treated animals (Fig. 6). Animals 
from various treatment groups were sacrificed at day 7 
after treatment. No T-cell infiltration and few CDS* cells 
were observed in the tumors of DL312 + control Ig- (con- 
trol group) and in the Adv.mIL-12 + control Ig-treated 
animals, respectively. More CD8+ T cells were present in 
DL312 + anti-4-lBB-treated tumors. Interestingly, there 
was a more robust CDS* T-cell Infiltration in the tumors 
of AdvanlL-12 + anti-4-lBB-treated animals than in 
either treatment alone (Fig. 6). However, there was no 
significant difference in CD4> T-cell infiltration among 
the animals of different treatment groups (data not 
shown). 

CD8+ and NK Ceils Are Required for the Persistence 
of Long-Term Antitumor Immunity 

To confirm the cell types responsible for maintenance 
of antitumor activity and long-term survival, we performed 
in vivo leukocyte subset depletion prior to sc challenge with 
parental MCA26 tumor cells in long-term surviving ani- 
mals after combination treatment. Long-term surviving 
animals injected with control Ig prior to sc tumor chal- 
lenge served as controls. Tumor growth was observed over 
a 4-week period. One hundred percent (8/8) of naive mice 
and 14.2% (1/7) of long-term surviving mice treated with 
control Ig formed sc tumors. In the NK- and CD8-cell- 
depleted groups, 87.5% (7/8) and 100% (8/8) of the ani- 
mals formed sc tumors, respectively. These results indicate 
that both NK (P o 0.0106) and CDS* T cells (P = 0.0005, 
Fisher's exact test) are essential in protecting surviving ani- 
mals from tumor relapse after Adv.mIL-12 + anti-4-lBB 
therapy. 
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, FIG. 5. Evaluation of the CTL immune response In Adv.mlL-12 (0.4 x 10* pfu) ♦ anH-4-lBB-treated animals. CTL analysis wis performed on Individual ani- 
mals (n a 5-eVgraup/tlme point) at days 7, 1 4, 24, and 60 after treatment Significant cytolytic actMly against "Cr-labeled parental MCA26 target was observed 
In the antM-1 8B antibody alone (horizontal line) or combination IL-1 2 + antW-1 BB-treated anlmab (right hatched) but not In Adv.mlL-1 2 alone-treated ani- 
mals (clotted). There was a gradual and significant Increase of CTL activity In the combination-treated animals ewer time. In vitro blocking of CD3* effector com- 
pletely abolished the cytolytic response Induced by the combination treatment (filled) or antM-1 BB alone (empty), but had no effect on the response Induced 
by IL-1 2 alone (left hatched). By day 60, all animals treated with antM-1 BB (*) or Adv.mlL-12 (**) alone were dead, while those In the combination treatment 
group remained healthy and exhibited persistent CTL 



Discussion 

Using an Adv.mlL-12 and anti-4-lBB agonistic antibody 
combination therapy, we achieved eradication and long- 
term remission of both hepatic and multiple macroscop- 
ic lung metastases in a mouse model of metastatic colon 
carcinoma. This is the first report to show a synergistic 
effect of 4-1BB and IL-12 with potentiation of both early 
NK antitumor response and long-term CTL. Importantly, 
this combination therapy allowed an 18-fold reduction 
of the IL-12 dose compared to the effective dose of IH2 
alone and achieved better efficacy than either treatment 
alone. This lower dose of IL-12 provides a safety advan- 
tage for IL-12-mediated gene therapy. IL-12 in combina- 
tion with other cytokines or costtmulatory molecules has 
been extensively studied in various animal models of 
cancer (22-25). However, similar significant results as 
those shown here with the combination Adv.mIL. 12 plus 
anti-4-lBB antibody have never been reported. 

The treatment-induced long-term antitumor immu- 
nity requires both NK and CD8+ T cells, as shown in the 
challenge experiment of surviving animals after combi- 
nation treatment. Furthermore, some direct NK activity 



(10-15% killing) was detected in the NK assay in vitro 
with hepatic MNCs from long-term surviving animals 
after combination treatment. 

The 4-1BB signal has been shown to induce prolifera- 
tion of activated T cells and to amplify preferentially the 
cytotoxic T-cell response (19). However, in our ortho- 
topic metastatic model the CTL response induced by 
anti-4-lBB alone did not persist, resulting in death of 
most of the animals due to tumor relapse or tumor pro- 
gression. The treatment of tumor-bearing animals with 
different doses (200. 100, and 50 ug) of anti-4-lBB did 
not statistically improve their survival rate (data not 
shown), demonstrating that activated T cells cannot be 
further expanded by anti-4-lBB alone. Thus, initiation of 
T-cell activation and T-cell priming appear to be the lim- 
iting steps for the development of persistent CTL. 

Whether 4-1BB directly or indirectly works on H-12- 
activated NK or NICT cells has yet to be elucidated. The 
bridge between IL-12-activated innate immunity and 
adaptive immunity is important. There is evidence that 
demonstrates the critical link between NK and CTL 
development. NK cells have been shown to play a crucial 
role in the generation of antitumor T cells (26, 27) and 
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the NK-cell-secreted cytokines (IL-2 and IFN-tf may be 
involved in CTL development The persistent antitumor 
specific CTL activity observed only in the combination 
Adv. ml L- 12 + anti-4-lBB-tieated animals may be 
explained by 4-1BB engagement on IL-12-activated NK 
cell*, leading to NK secretion of appropriate cytokines 
and promotion of APC activation (28). A PCs work direct- 
ly on or assist helper T-cell development in promoting 
CTL proliferation and persistence. Although anti-4-lBB 
antibodies per se can induce a significant short-term CTL 
activity, Just 14.5% of the anti-4- 1 BB-only-tr eated ani- 
mals show Long-term survival; anti-4-lBB antibody-acti- 
vated T cells may not persist because of a less efficacious 
antigen presentation and priming. 

Other mechanisms involved in the IL-12-induced 
antitumor response include antiangiogenesis mediated* 
by IFN-y and IP-10 (29), upregulatlon of Fas-mediated 
tumor apoptosis (30), and cytokine-mediated cytotoxici- 
ty effect to suppress tumor proliferation (31). However, 
all of these IH2-mediated antitumor effects probably 
play only an early role and will vanish with time. The 
tumor will recur or continue to progress because of the 
transient expression of Adv.mlL-12. The results of our 
study Indicate that the systemic and persistent antitumor 
immunity induced by the Adv.mIL-12 + anti-4-lBB treat- 
ment is the major mechanism for long-term survival of 
tumor-bearing animals. Interestingly, our subcutaneous 
challenge experiment with parental tumor cells has 
shown that the persistent antitumor immunity involves 
both CTL and NK cells. Whether this persistent NK 
response is NK- or NKT-mediated requires further clarifi- 
cation. 

Further studies of the mechanism of cellular and 
cytokine regulation mediated by the combination treat- 
ment will improve our scientific understanding of 
Immune-modulatory gene therapy for clinical applica- 
tion In metastatic carcinomas in humans. The combina- 
tion of IL-12 and anti-4-lBB antibody may provide a new 
treatment modality for patients with metastatic colon 
cancer. 

Acknowledgments 

We thank Drs. Slmtm HaU and Bemhard Sauter for their helpful disaiixlcn on 
this project The work was partially supported by grants from the national 
Cancer Institute (S29 CA-70337, R01 CA-7S17S, and CA-84404 to SJfC; 
KOI CA 79915 to LC.) ami Novartis Stifhwg (to OM.). 

References 

'Ofcberv |. A., end NJextohuoer, L E. 0991). Colon cancer, tn Gyrmf Th*ppy in 
OnahgrQ. t KBedemuber, Ed.), pp. 426-431. Decker, SL Lours. 

^Uboric, C. $.. and Niederhuber, 1 1 (1993). Colorectal cancer metastatic nine (ton 
Hepatic arterial Infusion. In Current Therapy in Oncotogy 0' E* Ntakrhuber, £d.X pp. 
389-395. Decker, St Louis. 



>Bar*s, R. Patef, P. M„ and Setoy, P. J. (1995). tm*rt*uWrv12: A new cOnlcat player 
In cytokine therapy. * /. Cancer 71: 655-659. 

^Brunda, M. j. (1994). rnterteUkln-12, /. Leukocyte BnL 65: 280-288. 

*Tsung, It. Meko, |. B„ PepCW C- Tnjng. V. L, and Norton, (. A. (1997). 11-12 
Inducn T helper 1 -directed antitumor response, f. Immunol, 158: 3359-3365. 

Hcott, ?. (199 J). 1H2: Inhiatton cytokine for <t*-me4Uted immunity. Sdettu 260: 
496-497, 

TNhhimura, T, *f oi (1995)- Phenotypic and functional characteristics of in vno- 
Induced Interieukiiv12-Ktlvated UOef cetts. tmmunol Lett 48: 157-174. 

Takeda, k\, «c ot (1996). Liver NK1.1+ CD4+ ofl T cdli ectiveted by IH2 as a major 
effector In MUbttion of experfmontal tumor metastasis. /. tmmunol 196: 3365-3373. 

tesano, A., vltnrtneay, S v Oark, S. C, and Santorl D. (1993). Ceflutv and molecular 
mechanisms of activation of MHC nonrestrfcted cytotoxicity ctBs by tt.0 2. /. Immunol. 151: 
2943-2957. 

laCaniso, m., et oi (1995). Ad*nov»vs-mediated fnterleukin>12 gene therapy for 
metastatic cdon can*x>ma. Proc Nat!. Acod Sd. Ui* M: 11 302-1 1 306. 

"Pham-Nguyea K. B* Tang. W„ Saxena, H, Thung, S. N, Woo, S. L C and Chen, S. 
M, (1999). The rote of NK and T crib In IL-12 fnduced antitumor response against hepatic 
colon carcinoma. Int /. Omar 5: 81 3-819. 

"Smith, C K. Farrah, T. f and Goodwm, ft. C. (1 994). The TNF receptor superfimfly c# 
osftdar and viral proteins: Activation, costimulatlon, and death. CtB 76: 959-952. 

"AmKtapje, R. |. (1 994). "Tumor necrosis factor receptor superfamBy members and the* 
ribands. Curr. Opin Immunol, 6: 407-41 3. 

"Polk*, K. t, Kim. V, I, Hurtado, U Zhou, Z, t Ktm, K. K, and Kwon. 8. S. (1994). 4- 
1B9 T<efl antigen binds to mature B ceils and rriacrophaget, and costimutate) anti-nui- 
primed sptenk: B eels. £ur. A Immunol. 24: 357-374. 

"Goodwfrv, R. C, eroi (1W3). Mofccufer cloning of a ligand for the inducible T odl 
gtnm 4*1 BD: A mombarof an emerging famdyof cytcknes with homotogy to tumor necro- 
sis factor. Eur. Jt ImrmnoJL 23: 2631-2541 . 

i«PolloK, K « ri. (1 993). Inducible T cdl antigen 4-1 Bfl. /. tmmunol. 150: 771-781 < 

»7Hurtodo, |. C, rtfm, S. M., follock, K, |, Ue, 2. H. # and Kwon, B. $. (1995). Potential 
role of 4-1 BB in T cat aebvation. Comperlson with the rottfeTuiatory mofcetie CD28. 
tmmunol 155: 3350-3367. 

'•Metero, Johnston. |, V, Shuford, W. W, Mituo, R. and Chen, L (1998). Nkl .1 
cds exorca 4*1 B8 (CDwl 37) costlmulatory molecule and are req ui red for tumor immu- 
nity efidtad by anti-4-1 B6 monoclonal antibodies. OA tovnunot 190: 167-1 72. 

iiShufcnl W. W, « oL (1997). 4-1 B8 costimutatory sigrub prcrerentiafly induce C08> 
7 cefl oroWerttlon and tead to the ampWkaiion in vivo of cytotoxic T ceO resporuw. /• t>p. 
Mrd. 185; 47-55- 

^elerev U rl oL (1997). Monoclonal antfbocfies against the 4- 188 T-ceB acoWUon 
molecule acadlcau tstabished tumors. Not Med. 3: 682-585. 

iCorbea T. H„ Crtswoid, a P., Roberts, 8. J., Peckfwn, |. C. and Schobel, F, M. 
0975). Tumor Induction relationship In development of transplantable cancers of the 
colon in mkft for chemotherapy assays, with a note on cudnogen structure. ConarRfH. 
35: 2434-2439. 

h Kurosawa, S.. rt at (1995). tarty-appearing Dimor4nffltrating natural killer ceOs ptay 
a crucial role in the generation of anti-tumor T lymphocyte*. Immunology 85: 338-346. 

21 Kos f f. |, and EngJeman, £. C. (1996). Immune regulation: A critical link between NK 
md CTU. tmmunol. TWoy 17: 174-1 76. 

*TnVicNen\ & (1995). lnttrteuldn-12: A promflammatory cytokine with trnmunoregu- 
latory functions that bridge innate resistance and entigen-spedfic adaptive Immunity. 
Anna Ren tmnveiot 13: 251-276. 

"Sgadiri, Angfolillo, A. I_ and Tosato, G. (1996). Inhibition of angioyenesis by 
lnterleuldn-12 Is mediated by the Invrrftron-lnducible protdn 10. Mood 87: 
3877-3662. 

"Hashimoto, W.. et <*. (1999). WfarantUI antitumor effects of admtrastration of 
recombinant (L-18 or recombinant IU12 are mediated primarily by Fas-fas Igand- and 
perfor1n4nduced tumor apoptosis. respectively. /. Immunol 163: 583-569. 

ilewetl A, end BonevldB, B. Activation of the human immature natural kflkr 

cel subset by IL 12 and rts regulation by endogenous TNF-aJpha and IFr4-g*mma secre- 
tion. Caff. tmmunoL 154: 273-286. 

^omtnaga, K., rl at (2000). IL-12 synergtes with IL-18 or B.-1 beta for IR^gamma 
productiun from human T cells. Int /rnmurtot 12: 151-160. 

"Carton, W. E, Hot. (1999). A fatal cytokaie-induced systemk inftamrnatory response 
nweafa a crtfcal role lor NK ceils. JL mmunof 162: 4943-4951. 

»°Putztf, 8. M., Hitt. M H Mutler, W. )., Emtio*, P., Gairtdlo, |, and Creham, F. L (1997). 
taiterieukln 1 2 and B7-1 cosbmuUtory molecule expressed by an adenovirus vector act syn- 
ergbtkatry to radGlaU tunw n>greulon. Proc Natt Acad. 5dL U5A94: 10889-10894. 

"Addison, C. U Branson, |. L, Httt, M. M v Muter, W. |., Caulcde, U and Craharn, F. 
L (1998). tntrafumoral cofnjectton of adenoviral vectors expressing IL-2 and IL-12 results 
in enhanced frequency of regression of injected and untreated distal tumors. Ceo* Thtr, 8: 
1400-1409. 



46 



Molecular Therapy Vol. 2. "o. 1. |iiy 2000 
Copyright Q The American Sodeiy of Gene Therapy 



